Acute cigarette smoking leads to temporary endothelial dysfunction, which is an early event in atherogenesis. Sufficient data concerning the effect of cigarettes with low tar and nicotine yield are lacking. Seventeen healthy individuals (nine women, eight men, aged 27.8 AE 3.6 years) were subjected to evaluation of endothelial function by means of endothelium-dependent, flowmediated dilatation (FMD) of the brachial artery, before, immediately after and 30, 60 and 90 min after smoking a regular cigarette (nicotine 0.9 mg, tar 12 mg) or the corresponding 'light' cigarette (nicotine 0.6 mg, tar 8 mg). The following day, measurements were repeated after smoking the opposite kind of cigarette. Baseline FMD was 6.1 AE 1.6% and 7.2 AE 2.0% in the light and regular cigarette groups, respectively (p ¼ NS). The overall effect of the regular cigarette over time on FMD compared with the light cigarette was significantly different (F ¼ 3.039, p ¼ 0.023). FMD was significantly depressed after smoking both types (light: F ¼ 8.192, p < 0.001; regular: F ¼ 16.698, p < 0.001). Immediately after smoking, FMD declined in both groups (light: 3.0 AE 2.4% and regular: 1.6 AE 3.2%, p < 0.001 and p < 0.001, respectively), and it remained significantly depressed in the regular cigarette group at 30 min (0.75 AE 1.5%, p < 0.001) and 60 min (3.5 AE 3.1%, p ¼ 0.024), while in the light cigarette group FMD differences were abolished at 30, 60 and 90 min after smoking. In conclusion, acute smoking of both regular and light cigarettes leads to temporary vasomotor dysfunction; its duration is shorter after smoking a 'light' cigarette.
Introduction
Cigarette smoking is the most preventable cause of cardiovascular morbidity and mortality. Since endothelial dysfunction is an early event in atherogenesis, considerable knowledge has been accumulated regarding the effect of smoking in endothelial function. Both chronic and passive smoking, as well as acute smoking lead to impaired endothelial function in healthy individuals. 1À4 Although the notion of a safe cigarette has been proved an illusion, an issue remains about whether the reduction of tar and nicotine yield is a worthwhile public health policy. Lung cancer risk is affected by the type of cigarette smoked, 5 but the effect of modern 'light' cigarettes on cardiovascular morbidity and mortality is not known. Therefore, in the present study, we investigated the effect of acute cigarette smoking on vasoreactivity using two types of cigarette smoking: a 'light' (low tar and nicotine) cigarette and a 'regular' cigarette.
Methods
The study group was comprised of 17 healthy volunteers (nine women and eight men; mean age: 27.8 AE 3.6 years; range 20À34). All subjects were non-smokers and nonobese (BMI 23.3 AE 1.9). No participant had hypertension, total cholesterol > 240 mg=dl, diabetes mellitus or cardiac disease, and nobody was on cardiovascular medications or antioxidant vitamin supplementation. All female participants were examined during the follicular phase of their menstrual cycles and none was on oral contraceptives. All subjects gave informed consent before entering the study.
The method to assess endothelial function in the brachial artery has been previously described. 6, 7 In brief, the right brachial artery diameter was measured on B-mode ultrasound images, using a 7.0-MHz linear array transducer (Acuson 128 XP, Mountain View, CA, USA). In all studies scans were recorded at rest and during reactive hyperemia. Each subject was studied in the morning, in a quiet, temperature-controlled room, after having abstained from alcohol, caffeine and food for at least 8 h.
The subject rested in the supine position for at least 10 min and then the right brachial artery was imaged in the longitudinal plane, above the antecubital fossa. In brief, 2D and Doppler images of the right brachial artery for diameter and flow determination were initially recorded in resting conditions. A pulsed Doppler velocity signal was obtained from a sample volume placed in the middle part of the artery. Resting blood flow was then calculated as the product of time-averaged velocity with heart rate and vessel cross-sectional area. Brachial artery diameter was measured at end-diastole (peak of R wave of the ECG) by placing electronic calipers at the Vascular Laboratory, Department of Clinical Therapeutics, Alexandra University Hospital, Athens, Greece Author for correspondence: Chris Papamichael, 3, Xanthippou str, Holargos, 15561 Athens, Greece. Tel: þ30 210 3381487; Fax: þ30 210 7770473; E-mail: conazna@yahoo.com adventitiaÀmedia interface (M-line) of the anterior and posterior arterial walls, in the 2D image. Then, a cuff placed on the forearm was inflated to suprasystolic levels (at least 50 mmHg above systolic blood pressure), and the arterial inflow was thus interrupted. After 4.5 min the cuff was deflated leading to reactive hyperemia. The brachial artery was continuously scanned from 30 s before to 90 s after cuff deflation. Hyperemic time-averaged velocity was assessed by a Doppler signal obtained within the first 15 s after cuff deflation, and the corresponding flow was calculated. Hyperemic artery diameter was measured 60 s after cuff release.
All scans were recorded on S-VHS tape and analyzed blindly later by two independent observers who were unaware of the study design and type of cigarette smoked. For estimation of brachial artery diameter, three cardiac cycles were analyzed and measurements were averaged. Flowmediated, endothelium-dependent dilatation (FMD) was calculated as the percentage increase in arterial diameter during hyperemia compared with the resting value, according to the equation: FMD % ¼ [(hyperemic diameter À resting diameter)=resting diameter] Ã 100. FMD measured in this way is predominantly dependent on nitric oxide release by the endothelium and it can be used as an estimate of endothelial function. 8 The inter-and intraobserver variability for brachial diameter measurements in our laboratory is 0.1 AE 0.12 and 0.08 AE 0.19 mm, respectively, while FMD variability measured on two different days was 1.1 AE 1%.
After completion of the baseline study, all participants were randomized to smoke either a 'light' cigarette (tar 8 mg, nicotine 0.6 mg) or the corresponding regular cigarette (tar 12 mg, nicotine 0.9 mg). All subjects were instructed to inhale. Immediately after smoking, rest scans were repeated; by inflating and deflating the cuff, hyperemia was produced and flow-mediated dilatation was calculated as previously described. The same procedure was repeated 30, 60 and 90 min after smoking.
Within 1 week, the same subjects returned to the laboratory and scans were repeated before and after inhalation of the opposite kind of cigarette (regular or light). Measurements were obtained immediately after and 30, 60 and 90 min after smoking.
Statistical analysis
Descriptive data are expressed as mean AE SD in the text and Table 1 . Baseline parameters between the two smoking sessions were compared with Student's t-test for paired measures. Measurements obtained during each postsmoking period for each type of cigarette smoked were compared with those obtained at baseline by analysis of variance (ANOVA) for repeated measures, and the Bonferroni test was used to adjust for pairwise comparisons. In order to compare the integrated effect of type of cigarette smoked over time on FMD and the other parameters of interest, an overall 5 Â 2 ANOVA was applied [five periods (baseline, immediately after, and 30, 60 and 90 min after smoking) Â two types of cigarette (regular and light)]. The power of our study for detecting a significant effect of the type of cigarette smoked on FMD over time was 0.78. All calculated p-values were two-tailed, and a pvalue < 0.05 was considered statistically significant.
Results
Smoking a regular or light cigarette caused a significant increase in heart rate (p < 0.01) immediately after smoking, which was not present 30 min after smoking. No significant differences were observed regarding blood pressure and heart rate between light and regular cigarette smoking (p ¼ NS). Vessel size, flow at rest and the degree of reactive hyperemia did not change significantly after acute smoking and did not differ between the two kinds of smoking (p ¼ NS) (Table 1) .
Baseline flow-mediated dilatation was 6.1 AE 1.6% in the light cigarette session and 7.2 AE 2.0% in the session of regular cigarette smoking (p ¼ NS). The overall effect of regular cigarette smoking over time on FMD in comparison with light cigarette smoking was significantly different (F ¼ 3.039, p ¼ 0.023).
FMD was significantly depressed after smoking compared with baseline in both types of cigarette smoking (light cigarette: F ¼ 8.192, p < 0.001; regular cigarette: F ¼ 16.698, p < 0.001) (Figure 1 ). Immediately after smoking, FMD declined significantly in both groups (3.0 AE 2.4% and 1.6 AE 3.2%, p < 0.001 and p < 0.001, respectively) and remained significantly depressed in the regular cigarette smoking group 30 min and 60 min after smoking (0.7 AE 1.5% and 3.5 AE 3.1%, p < 0.001 and p ¼ 0.024, respectively, when compared to baseline). In the light cigarette smoking group, FMD was still decreased 30 min after smoking, although this did not reach statistical significance (3.7 AE 3.4%, p ¼ 0.11), and it returned to baseline levels by 60 min after smoking (5.4 AE 2.4% and 6.2 AE 2.6% at 60 and 90 min after smoking, respectively) (Figure 1 ).
Discussion
The current study provides evidence that acute smoking of low-tar, low-nicotine cigarettes is associated with impairment of endothelium-dependent vasodilation immediately after smoking, lasting less than 30 min. In contrast, smoking a cigarette with a higher content of tar and nicotine leads to vasomotor dysfunction lasting at least 60 min. This last observation is in accord with a previous report from our group showing that smoking a regular cigarette causes acute endothelial dysfunction that is maintained for at least 60 min without development of tolerance. 4 The value of reducing cigarette tar and nicotine yield has been questioned. There is no doubt that smoking any type of cigarette is far more risky than abstaining from smoking, 9 but there are data supporting the hypothesis that persistent smokers will reduce the tobacco-associated risks if they smoke cigarettes with < 10 mg of tar. 9 Oxidant stress induced by cigarette smoking is less in smokers with low-tar smoking, 10 a finding supporting our results, since oxidative stress caused by smoking is a determinant of endothelial dysfunction after smoking.
The less harmful effect of the light cigarette smoking on endothelial function must be weighted against a possible adverse effect of the smoking of more cigarettes. It is known that smokers of low yield cigarettes smoke more cigarettes per day than smokers of high yield cigarettes 11 and therefore the chronic effect on endothelium may be not different.
There are some limitations in our study. Brachial artery scans and FMD calculations were not performed before and after a sham intervention, as a time control for our subjects. However, we have previously shown in a population with similar characteristics that FMD does not change up to 2 h after sham smoking. 4 Moreover, endotheliumindependent vasodilation induced by administering sublingual nitroglycerin at the end of each session was not assessed in the whole population, although it had been initially scheduled, since a few participants À mostly women À had systolic BP < 100 mmHg, while others declined nitrates because of side effects À mainly headache À at past administration. In a previous study from our group, we showed that nitrate-induced dilatation does not change significantly after acute smoking. 3 The effect of light cigarette smoking on FMD 30 min after smoking is perhaps underestimated, and this could reflect a small sample size. Nevertheless, this does not invalidate our finding that regular cigarette smoking exerts more detrimental effects on vascular function when compared with the corresponding 'light' cigarette.
In conclusion, smoking of low-tar, low-nicotine cigarettes seems to exert a less unfavorable effect on the vascular function of healthy non-smokers in acute settings when compared with the corresponding regular cigarettes. Large prospective studies should answer the question of whether light cigarette smoking translates into comparatively lower cardiovascular outcomes than regular cigarette smoking. 
